Electrocardiograms and Frank vectorcardiograms from 44 patients with classical childhood progressive muscular dystrophy (Duchenne type) were analyzed. Seventyseven per cent had definite electrocardiographic abnormalities. All had one and usually several vectorcardiographic abnormalities. Abnormalities in orientation, magnitude, or both, of the planar and spatial ventricular gradients were the most consistent of the vectorcardiographic abnormalities and were observed in 95% of the patients. This finding is of significance if this vector theoretically reflects diffuse myocardial disease at the cellular level. QRS changes, in general, reflected the relatively greater loss of posterior ventricular force with consequent exaggeration of anterior ventricular force. There was no demonstrable relationship between the electrocardiographic and vectorcardiographic abnormalities with the age of the patient and the severity and rapidity of -clinical progression of the disease in patients less than 16 years of age. This studv suggests that the vectorcardiogram may be a useful diagnostic adjunct to the standard electrocardiogram in the study of the cardiomyopathy of progressive muscular dystrophv in childhood.
SUMMARY
Electrocardiograms and Frank vectorcardiograms from 44 patients with classical childhood progressive muscular dystrophy (Duchenne type) were analyzed. Seventyseven per cent had definite electrocardiographic abnormalities. All had one and usually several vectorcardiographic abnormalities. Abnormalities in orientation, magnitude, or both, of the planar and spatial ventricular gradients were the most consistent of the vectorcardiographic abnormalities and were observed in 95% of the patients. This finding is of significance if this vector theoretically reflects diffuse myocardial disease at the cellular level. QRS changes, in general, reflected the relatively greater loss of posterior ventricular force with consequent exaggeration of anterior ventricular force. There was no demonstrable relationship between the electrocardiographic and vectorcardiographic abnormalities with the age of the patient and the severity and rapidity of -clinical progression of the disease in patients less than 16 years of age. This studv suggests that the vectorcardiogram may be a useful diagnostic adjunct to the standard electrocardiogram in the study of the cardiomyopathy of progressive muscular dystrophv in childhood.
Additional Indexing Words: Significance of ventricular gradient pROGRESSIVE MUSCULAR dystrophy (Duchenne type), a recessive sex-linked heredofamilial disorder, is characterized pathologically by skeletal and cardiac muscle degeneration with fibrous tissue replacement and fatty infiltration. As a rule, evidence of the disease appears early in childhood and skeletal muscle involvement dominates the clinical picture. Although cardiomyopathy is an integral feature of Duchenne muscular dystrophy, rarely is myocardial involvement clinically evident. An occasional patient, however, From Loss of electrical force will present with congestive heart failure during the terminal phase of the illness and exceptionably this complication mav be observed in an ambulatory patient. Few patients have complaints referable to the cardiomyopathy, but symptoms, or lack of symptoms, must be interpreted in the context of physical limitations imposed upon the patient by the musculoskeletal involvement. On the other hand, consistent electrocardiographic abnormalities are present in many of the patients, but only a few studies have described changes in the vectorcardiogram.1-' Vectorcardiography records anid displays myocardial potential variations in a manner that differs from the standard electrocardiogram, and there is evidence to suggest that vectorcardiographic recordings may supplement and complement electrocardiographic information. This study of 44 patients with the Duchenne form of progressive muscular dystrophy was undertaken, therefore, to determine the following: (1) type and incidence of electrocardiographic and vectorcardiographic abnormalities, (2) whether electrocardiographic abnormalities have their counterpart in the vectorcardiographic recording, (3) whether the vectorcardiogram contains information not readily apparent in the standard scalar recording, and (4) whether or not the vectorcardiogram may be a more sensitive clinical tool than the electrocardiogram for detection of this dystrophic cardiomyopathy.
Subjects and Methods
Forty-four patients with Duchenne progressive muscular dystrophy who were enrolled in the Clinic for Muscular Disorders at the St. Jude Children's Research Hospital were the subjects of this study. All were males, from 2 to 20 years, with a mean age of 10.5 years. None had complaints referable to the cardiovascular system.
Electrocardiograms were recorded on a Sanborn Model 62 Twin-Beam photographic electrocardiograph at a paper speed of 25 mm/sec. The standard 12-lead electrocardiogram, supplemented by the additional leads V4R, V3R, and VE, was recorded. Precise electrocardiographic measurements were obtained through magnification and the use of calipers. Measurements were made from three successive cycles and averaged. The following were determined: rate, rhythm, frontal plane A QRS, duration and amplitude of the P wave, P-R interval, QRS interval, and Q-T interval; duration and amplitude of each QRS wave form; and duration and magnitude of the T wave. The Q/R, R/S, and R/RS ratios were determined for QRS complexes of each lead. Frontal plane A QRS and frontal plane ventricular gradients were determined by area measurement.
Vectorcardiograms were recorded from a Tektronix 502A dual-beam oscilloscope, the input circuitry of which had been modified so that amplification was not necessary. This circuitry permitted both planar loop and scalar display of X, Y, and Z orthogonal leads. The Frank6 lead-placement system was used throughout this study. The planar loops (frontal, left sagittal, and horizontal) and the scalar deflections of X, Y, and Z were photographed directly from the oscilloscope screen with a Tektronix Model C-12 oscilloscope camera with a Polaroid-Land roll-film back. The grid of the screen was included in each photograph to facilitate measurement. In loop recordings the oscilloscope beam was interrupted at 2.5 or 1.6 msec by an impulse from a Tektronix Model 162 wave-form gen-Circulation, Volume XXXV, June 1967 erator. The gain of the oscilloscope was adjusted so that 1 mv of current resulted in a 2-cm beam deflection. The Polaroid photographs were mounted and reproduced on 35-mm transparencies. These were then projected six to eight times the size of the original recording to facilitate accurate measurement. Measurements were made with a wing divider and referred to the calibration of the grid-scale. Magnitude and direction of successive instantaneous QRS vectors and of the maximum QRS vector were determined as follows: A large circle was constructed and divided into radial segments of 5 degrees. The "E" point of each planar loop was determined by inspection of the original recording, identified on the 35-mm transparency, and carefully projected onto the center of the circle. The direction of each 0.01second vector and the maximum vector was determined with an accuracy of ±10 on duplicate determinations.
In the analysis of the X, Y, and Z deflections, measurements were made and averaged for each of three successive QRS-T complexes. This minimized small errors in measurement, compensated for amplitude variations from cycle to cycle, and compensated for the successive rather than simultaneous recording of the X, Y, and Z deflections. Planar vector values were determined by vectorial addition of appropriate scalar determinations, and spatial magnitudes were calculated by the Pythagorean theorem:
Spatial magnitude (X) 2 + (Y) 2 + (Z) 2
Successive instantaneous QRS vectors and maximum QRS and T vectors were determined from the planar loop displays. All other measurements were derived from magnitude, duration, and area analyses of the scalar X, Y, and Z leads. Normal reference standards for electrocardiographic interpretation were those of Ziegler,7 Massie (exclusive of aVR and the precordial leads to the right of V1). These Q waves frequently exceeded 5 mm in amplitude in the left precordial leads, and in one child, 2 years of age, Q-wave amplitude in V35 was 10 mm. Three patients exhibited a QS pattern in lead aVL.
When the Q/R ratio was employed as an index of Q-wave abnormality, the incidence of abnormal Q waves was essentially the same, but the abnormal values were distributed somewhat differently among the various leads. This ratio was abnormal in 26 patients (table 2) . Abnormalities in the QRS complex of the precordial leads are summarized in table 3.
R-wave amplitude in V, exceeded upper limits for normal in only three patients. In the others, R-wave amplitude fell within the normal range, although in over 50% amplitude exceeded the normal mean for age. On the other hand, S-wave amplitude in VI was less thani normal when corrected for age in two patients. In most of the patients, S-wave amplitude, although normal, often was less than except one patient whose R wave exceeded the norm. S waves in this lead were also of normal amplitude except for two patients whose amplitude also exceeded normal. The R/ RS ratio in V6 was normal in all but five, in whom it was less than normal when age was corrected.
S-T-segment shift greater than 2.5 mm in precordial leads V2, V3, and V4 was observed in only one patient. Eighteen patients had low-amplitude T waves in the left precordial leads. Inversion of the T waves in leads I. III aVF, or left precordial leads was not observed. The Q-T interval ranged from 0.32 to 0.48 second in duration and was abnormal in 39 after correction for age, rate, and sex. Figure 1 is a representative electrocardiogram illustrating many of these changes.
Vectorcardiographic Analyses QRS Vectors
Direction of Inscription of the QRS Loop. The direction of inscription of the QRS loop was usually normal in each of the three planes (table 4). In the sagittal plane, the loop was usually inscribed in a counterclockwise direction buit three showed a crossover loop inscribed in a clockwise-counterclockwise direction. One loop in this plane exhibited a double crossover pattern. Most loops in the horizontal plane were counterclockwise. A clockwisecounterclockwise crossover was observed in eight.
The frontal-plane loop was oriented to the left and inferior quadrant in all but two patients in whom the loop was oriented to the right and inferior quadrant. There was considerable variation in sagittal-loop configuration. In 15 patients, the long axis was directed horizontally, and the loop had a narrow supero-inferior diameter. In the others, the configuration of the loop approximated a triangle with the base parallel to the Z axis and the Vectorcardiogram of the 2-year-old child whose scalar tracing is shown in figure 1 . Loops are inscribed counterclockwise in all planes. The Q wave is prominently displayed in the frontal loop. apex directed below the isoelectric line. Similarly, loop configuration in the horizontal plane was triangular, the base of the triangle paralleling the Z axis and the apex directed leftward along the X axis. The initial vector in the horizontal plane was directed far to the right and somewhat anteriorly. Characteristically, the horizontal loop swung abruptly to the right and posteriorly, coinciding approximately with the 0.04-second instantaneous vector. In four patients, all planar loops were of small area and had an irregular path and speed of inscription. Crossovers were common in these loops. Each of these patients was older than 16 years of age. Figure 2 shows these QRSioop changes of the advanced disease; figure 3, the vectorcardiogram of the patient whose scalar electrocardiogram is shown in figure 1 , demonstrates the findings for the group as a whole.
Mean QRS Vector. In 15 patients the planar mean QRS vector was of abnormally small magnitude in one or the other of the three Counterclockwise-clockwise Planar orientation of the maximum QRS vector.
planes (table 5) . Abnormalities in orientation were of more frequent occurrence than were abnormalities of magnitude. The mean vector was abnormal in direction in one, two, or all three of the Lody planes in 23 (52.3%). In the frontal plane, the abnormal mean QRS vector was directed inferiorly and to the right, or superiorly and to the left, with almost equal frequency. In the sagittal plane, this abnormal vector was directed primarily anteriorly and inferiorly, while in the horizontal plane it was usually directed leftward and anteriorly ( fig. 4 ). Spatial Mean QRS Vector. The magnitude of the spatial mean QRS vector was normal in all except six patients. In two, this magnitude was greater than normal and in four it was less than normal (table 6). PLANAR Figure 6 Planar orientation of the maximum T vector.
Circulation, Volume XXXV, June 1967 Abnormal Spatial Orientation of Mean QRS Vector. The orientation of the spatial mean QRS vector was directed anteriorly, leftward, and inferiorly in 16; rightward, anteriorly, and inferiorly in four; and superiorly, leftward, and anteriorly in three.
Maximum Planar QRS Vector. The magnitudes of the maximum planar QRS vectors (irculation, VoluZne XXXV, June 1 967 were within normal limits in most patients (table 5). One patient had a subnormal value for the frontal plane; four patients had magnitudes above normal in the sagittal plane; three patients had subnormal magnitude values in the horizontal plane. Orientation of this vector, conversely, was abnormal in 43% ( fig. 5 ), most often in the sagittal plane in which the vector was directed anteriorly and either superiorly or inferiorly, or in the horizontal plane, where the maximum vector was directed either rightward and posteriorly or leftward and anteriorly. The magnitude of the maximum spatial QRS vector exceeded normal in 21 patients (47.7%) (table 6) and orientation was abnormal in 26 patients (59%), to the right and anterior in either the superior or inferior quadrant.
T Vectors
Maximum Planar T Vector. The magnitude of this vector was greater than normal in the frontal plane in one patient and in the sagittal plane in another (table 5). In contrast to magnitude, orientation of this vector was abnormal in one or more planes in 43.1%. In only one patient, however, was abnormal orientation of the maximum T vector confined solely to one plane. The T vector was abnormal in orientation in the frontal plane (three patients), in the sagittal plane (13 patients), and in the horizontal plane in 14 ( fig. 6 ). Orientation of the maximum planar T vector in the frontal plane was to the right and inferior (two patients) and leftward and inferior (one patient). In the sagittal plane, di- Figure 7 Planar orientation of the ventricular gradient.
rection was postero-inferior (five patients), antero-inferior (six patients), and strictly anterior (1800) (two patients). In the horizontal plane, it was directed leftward and anteriorly or posteriorly (12 patients) and rightward and anteriorly (two patients).
Maximum Spatial T Vector. The magnitude of the maximum spatial T vector was abnormal in eight patients, seven of whom had values in excess of normal. Both the spatial maximum QRS and spatial maximum T vectors were of abnormal magnitude in only four patients (table 6) .
QRS-T Angle. Twenty-four patients had an abnormal QRS-T angle (table 5). Abnormal angles were usually confined to either the frontal or horizontal plane. This angle was abnormal in two planes in only six patients, and in no patient was the QRS-T planar angle abnormal in all three planes. Planar Ventricular Gradient. This value, due to limitations inherent in analysis of the mean T vector, was estimated from the planar values of the maximum QRS and T vectors, and, thus, is not a true determination of the ventricular gradient. Since there was a close correspondence between mean and maximum vectors in those patients in whom calculations were possible, these determinations for ventricular gradient are thought to be reasonably accurate. In most patients this vector was of abnormal magnitude in two planes, usually the horizontal and frontal planes. In seven the ventricular gradient was of abnormal magnitude in all planes. This vector was of abnormal magnitude in at least one plane (97.6%) and in two or more planes in 33 (75%). In the frontal plane the magnitude of the gradient vector was less than normal, whereas in the horizontal plane the abnormal ventricular gradient exceeded upper limits for normal. The spatial ventricular gradient was normal in magnitude in all except two patients (table 6) .
Magnitude and Orientation of Successive Instantaneous QRS Vectors
Planar Orientation of the Ventricular Gradient. This vector was abnormal in orientation in 42 patients ( fig. 7 ). In the frontal plane, ventricular gradient orientation was abnormal in 40, in the sagittal plane in 41, and in the horizontal plane in 41. Abnormal orientation of this vector was not usually limited to a single plane. In 88.5%, this vector vas of abnormal orientation in all planes. In over 80% of the patients, this vector was directed to the right in either the superior or inferior quadrant in the frontal plane. In the sagittal plane it was directed posteriorly and either inferiorly (61.4%) or superiorly (25%). In the horizontal plane the direction was right and posterior (33 patients), left and posterior (four patients), or right and anterior (four patients ).
Spatial Orientation of thle Ventricular Gradient. This was abnormal in over 95%. Usuallv this vector was directed to the right, inferiorlv and posteriorly, but in a few patients orientation was to the right in any of the quadrants. (table 7) .
Discussion
The electrocardiographic abnormalities observed in this study are similar in incidence and type to those reported previously in patients with progressive muscular dystrophy of the Duchenne type.1' 2, 4, 5, [16] [17] [18] Of the 44 patients in the present study, 43 may have had one or more electrocardiographic abnormalities. Although abnormalities of cardiac rate were only relative in each instance, exclusion of tachycardia did not change the percentage of abnormalities observed.
In previous reports, the incidence of tachycardia has ranged from none2 to 85%.4 Gilr(V and associates4 emphasized the labile nature of the tachycardia and noted that it accompanied minimal physical exertion. Tachycardia was also unpredictable in onset and duration. Because of this lability a single determination of the pulse rate (or the rate obtained from an electrocardiogram) is unreliable for determination of the true incidence of tachycardia.
Rubin and Buchberg'6 suggested that involvement of the conduction tissue by the dystrophic process could be of significance in the production of tachycardias and arrhythmias observed occasionally in patients with dystrophic cardiomyopathy, and subsequent reports documented pathological involvement of the conduction system and its blood supply.'l 1 Such involvement may account for (irculaion, Vol/-nOe XXXV, June 1967 various conduction disturbances and paroxysmal tachycardias but is probably not responsible for the frequent occurrence of sinus tachycardia. It is more plausible to assume that tachycardia may be a manifestation of the immobilization syndrome, since the majority of these patients are confined to a wheel-chair existence and certain minor postural changes could result in an exaggerated reflex tachycardia. Also, in cardiomyopathies with impaired cardiac reserve, heart rate at rest may be normal, but response to minimal stress will result in tachycardia.
Occasionally prolongation of the Q-T interval has been reported as an electrocardiographic finding in progressive muscular dystrophy. In this study, 39 patients had a prolonged Q-T interval after correction for age, rate, and sex. This observation is of dubious significance, since measurement of the Q-T interval is difficult at best and its accuracy depends largely upon the sharpness of the offset of the T wave and the absence of U waves, and duration varies from lead to lead in the same patient. Even after exclusion of prolongation of the Q-T interval (in addition to relative tachycardia) the overall incidence of electrocardiographic abnormalities was 77.3%. All these patients were in the age group for which normal adult values of A QRS would be applicable. Frontal plane A QRS was abnormal in only a few patients. Although the usual normal adult axis lies between 0 and +90°, in some normal persons, the range extends from -30°to + 1100.9 Four patients had right axis deviation in excess of + 900; however, only one had axis deviation exceeding +110°. Two patients had left axis deviation, but in only one did it exceed -300. Axis deviation, both to the right and to the left, has been described previously in patients with progressive muscular dystrophy but it is an inconsistent finding of little diagnostic significance.
Previous studies have emphasized the frequency of abnormal Q waves in leads I, II, aVL, Va, and V6. The Q wave exceeded 4 mm in amplitude in one or more of the above leads Circulation, Volume XXXV, June 1967 in 26 (59.1%). Most frequently deep Q waves were present in precordial leads V5 and V6, although in 10 recordings a deep Q wave was also present in precordial lead V4. The maximum Q amplitude of 10 mm in lead V5 was observed in a patient only 2 years of age.
Since the absolute magnitude of the Q wave and other components of the QRS complex are influenced significantly by position of the exploring electrode in relation to the myocardial electromotive force, as well as by distance of the electrode from the heart and other factors, it is perhaps better to express amplitude abnormality of Q in terms of the Q/R ratio.
Except in leads aVR and aVL and the right precordial leads, the normal Q wave seldom exceeds 25% of the amplitude of the R wave in the same lead with the exception of lead aVL. In this lead, because of variations in anatomic relationship between the left arm electrode and the heart, normal Q-wave amplitude may approach 50% of R-wave amplitude. When the Q/R ratio was used, the Q wave was abnormal in one or more leads in 29 patients (66.7%). Although the incidence of Q-wave-amplitude abnormality was essentially the same whether Q amplitude or Q/R ratio was used as the index of abnormality, there were some differences between the distribution of abnormal values among the various leads. Twenty-one (47.7%) of the patients had both Q waves of abnormal amplitude and an abnormal Q/R ratio in one or more leads.
As mentioned previously, the deepest Q wave was recorded in a 2-year-old patient and the greatest Q/R ratio was observed in a 17-year-old patient. There was no correlation between presence or absence or abnormal Q waves and age of the patient or duration of clinically apparent disease. This observation is similar to that of Payne and Greenfield,20 and at variance with that of Gilroy and associates,4 who considered Q-wave abnormalities as late changes. These latter authors did not observe Q-wave abnormalities in their patients with a clinical disease of less than 8 years' duration.
Although Q-wave amplitude was frequently abnormal, Q-wave duration exceeded 0.04 second in only four patients, confirming the observations of Shapiro and associates.2' Abnormal Q waves in this disease have been related to diffuse myocardial damage, which, from an electrocardiographic standpoint, acts in a manner similar to infarcted muscle. In some instances Q-wave changes have suggested myocardial infarction, particularly when associated with S-T-segment and T-wave changes.222 23
High-amplitude R waves in the right precordial leads frequently have been reported in progressive muscular dystrophy. On initial observation most of the electrocardiograms in the present study appeared to have abnormally tall R waves in precordial lead VI; however, in slightly over half of the tracings the R wave in V1 only exceeded normal mean amplitude for age, and in only three instances did amplitude of this wave actually exceed the upper limits for normal. The S wave in V1 was below normal mean amplitude in 31 of the 44 tracings; in only four was the value less than the lower limits for normal. In every patient whose R wave in VI exceeded normal mean amplitude, the corresponding S wave was below normal mean amplitude for age. When this relationship was expressed as the R/S ratio, this ratio exceeded upper limits for normal in 16 (36.3%). These observations suggest that relatively tall R waves observed frequently in lead V, are secondary to loss of opposing left ventricular potential rather than to an absolute increase in right ventricular potential as observed in true right ventricular hypertrophy. Another factor possibly contributing to high-amplitude R waves in the precordial leads is thinness of the chest wall due to muscular atrophy. This, in effect, places the precordial electrode closer to the right ventricular forces of the heart.
Previous studies of the vectorcardiogram in Duchenne progressive muscular dystrophy have been limited both in number and in extent of analysis. Therefore, vectorcardiograms of the patients in this series were analyzed in a variety of ways to determine which, if any, measurements are most likely to be abnormal in this cardiomyopathv. An extremely high incidence of abnormalities was found.
In fact, none of the vectorcardiograms was entirely normal. In general, abnormalities in vector orientation were more common than were abnormalities in vector magnitude. Planar magnitudes of instantaneous and mean QRS vectors were normal in most instances, indicating that the mean electrical force of ventricular depolarization was not abnormal in most patients. In patients in whom planar magnitude wvas abnormal, it was abnormal in a negative direction, that is, of less than normal magnitude. Only four patients had a distinct rightward orientation of the mean QRS vector. Since most patients exhibited the expected leftward orientation of the mean QRS vector, the major abnormality in orientation was abnormal anterior displacement of the mean ventricular depolarization forces.
Similar observations apply to the planar maximum instantaneous QRS vector. The major abnormality appeared to be an unusual degree of anterior rotation, although a greater tendency toward rightward orientation in the horizontal plane was noted for this vector than for the mean QRS vector. This relationship between the mean QRS vector and the maximum QRS vector wvould be anticipated, since these vectors are ordinarily related closely in magnitude and direction.
The magnitude of the maximum spatial QRS vector exceeded normal limits in almost half of the patients. Although this may seem surprising in view of the low incidence of abnormal planar magnitudes for the maximum vectors, it serves to emphasize the important distinction between planar magnitudes and their spatial counterparts. The latter are derived from the vectorial addition of all three planar values.
Since the magnitude of the mean spatial QRS vector represents the average magnitude of all instantaneous vectors duLring ventricular depolarization, this measurement incorporates the maximum spatial QRS vector. In this study, of the 21 patients ini whom the maximum spatial QRS vector was of abnormally great magnitude, the mean spatial QRS vector was of normal magnitude in 19. This finding suggests that there was a loss of electrical force from some area of the myocardium not readily visualized in the planar loop displays.
Due to limitations of recording in this study, the T loop could be analyzed accurately for magnitude and orientation of the maximum T vector only. The planar magnitude of this vector was essentially within normal limits in all patients, and spatial magnitude was abnormal in only eight. Planar orientation was more frequently abnormal than planar magnitude. Orientation of the maximum T loop was similar in direction to that of the maximum and mean QRS vectors, primarily anterior and inferior.
In evaluation of the QRS-T angle, normal standards for children under 16 The magnitude of the 0.01-and 0.02-second instantaneous vectors was frequently abnormal. These vectors, representing depolarization forces of the septal and apico-anterior portions of the myocardium, are reflected in the inscription of the initial portion of the R wave in lead V1 and the Q wave in left precordial leads. These early depolarization forces were usually directed to the right, anteriorly, and slightly superiorly, a more or less normal orientation. However, the magnitude of these vectors was greater than normal in all planes in approximately 50% of the patients. This observation, therefore, correlates with inscription of high-amplitude R waves in lead V1 and deep Q waves in the left precordial leads and also with the deep Circulation, Volume XXXV, June 1967 Q waves in the scalar recordings of orthogonal leads X, Y, and Z.
The 0.04-second instantaneous vector, by contrast, was usually of normal magnitude, but abnormal in orientation, having a leftward, inferior, and anterior direction. This was particularly apparent in the horizontal and sagittal planes. In the time course of ventricular depolarization, this instantaneous vector usually reflects the left ventricular depolarization force of greatest strength and usually is directed leftward, posteriorly, and slightly inferiorly. In left ventricular hypertrophy, the magnitude of this vector increases, but the maximum instantaneous vector occurs later (0.06 second) and is directed more posteriorly than normal. In right ventricular hypertrophy, this vector is usually directed slightly inferiorly, to the right or left, but far anteriorly, similar to the orientation of the 0.04-second instantaneous vector observed in these patients; however, there were no additional vectorcardiographic criteria for right ventricular hypertrophy. The most plausible explanation for the anterior rotation of this vector is the relatively greater loss of posterior (left ventricular) potential than of anterior (right ventricular) potential in this cardiomyopathy.
These changes in magnitude and direction of the successive instantaneous vectors partially mimic those of posterolateral myocardial infarction, a condition in which there is definite loss of viable left ventricular myocardium. Destruction of myocardium in this area results in an imbalance between the transverse (X axis) and anteroposterior (Z axis) components of myocardial force, resulting in a relative increase in the components of right and anterior forces. The balance of vertical (Y axis) forces is not altered provided the diaphragmatic surface of the heart is not involved. Thus, abnormalities of the QRS loop in posterolateral myocardial destruction, acute or chronic, consist of large initial deflections extending far to the right and anteriorly with loop displacement in the same direction, concomitant with a diminution in the leftward extension of the loop.
3FITCH, AINGEiR
Abnormalities in orientation of the planar and spatial ventricular gradients were the most consistent electrocardiographic findings observed in this group of patients. The ventricular gradient, a concept introduced by Wilson and associates,25 is defined as the net electrical effect of the differences in time course of ventricular depolarization and repolarization. A further postulate of Wilson's group is that the ventricular gradient is independent of the pathway of cardiac activation. On the basis of this latter postulate, determination of ventricular gradient has been uised to distinguish between secondary repolarization abnormalities resulting from an altered pathway of ventricular activation and primary repolarization abnormalities due to cellular physicochemical alterations, either physiological or pathological. Although the validity of the latter postulate has been questioned by many electrocardiographers, the concept of ventricular gradient has gained general acceptance but has not been used routinely in clinical interpretation because of the effort and time involved in computation.
Cosma and associates in a recent publica-tion2'f; have questioned seriously the soundness of the postulates upon which the interpretation of the significance of the ventricular gradient is based. In a study in which the spatial ventricular gradient was obtained bv digital computer analysis of 71 VCG records (Schmitt SVEC-III or Frank lead-placement systems) that exhibited both a normal sinus rhythm and premature ventricular contractions, a statistically significant difference between the ventricular gradient of the premature contractions and normal beats was found. This finding led the authors to reject the hypothesis that this vector was independent of ventricular activation pathways.
Since the method for determination of ventricular gradient in this study is subject to all criticism enumerated by Cosma and associates,26 interpretation attached to our findings must be tempered by caution. Although magnitude of the planar and spatial gradients was usually normal, orientation of the planar xventricuilar gradient was abnormal in. at least one plane in all patients and in all three planes in 95.5%. Likewise, orientation of the spatial ventricular gradient was almost invariably abnormal.
If Wilson's postualate wx ere unquestioned, these observations would suggest that the spatial ventricular gradient is a sensitive electrocardiographic determination for detectioin of the basic myodystrophic process. In our patients, orientation of the spatial ventricular gradient wvas to the right and anterior, as expected, if the dystrophic process were one of uniform severity throughout the whole of the myocardium, since the absoltute mass of left ventricular myocardium involved exceeds several-fold that of the right ventricle. Whether or not these observations fit current theoretical concepts, howvever, should not invalidate their clinical importance if confirmel consistentlv by empirical clinicopathological correlation.
Some proponents of vectorcardiography contend that this method of recording displays myocardial electromotive forces in a more accurate manner. It also may have potentialities of a data-reduction technique-that is, all significant electrocardiographic information may be recorded in the three orthogonal leads X, Y, and Z. Although there is little doubt that standard electrocardiographic recordings contain much redundant inforination , ' the loss of significant electrocardiographic information in recording only X, Y, and Z leads is a subject of current controversv."$--" In the analyses presented in this report it seems that data reduction, to a certain degree, mav have resulted in a net gain of information; however, there is reason to suggest that at least some of this apparent gain resulted from care directed to recording and analyzing these data and is not due to any advantage inherent in the method of recording per se. The only valid conclusion one can draw from the current study is that vectorcardiographic recording proved a useful adjunct to the standard electrocardiogram in the detection of abnormalities produced by the cardiomyopathy of progressive muscular dystrophy in childhood.
Only in the older patients of this study, in whom far-advanced disease was apparent, was there any relationship between age and the nature and magnitude of electrocardiographic changes. These patients' electrocardiographic changes suggested loss of electrically active myocardium. Each also had evidence of intraventricular conduction disturbances. In the other patients, however, there was no correlation between age and the electrocardiographic or vectorcardiographic abnormalities, nor could these changes be correlated with the extent of clinically apparent disease, or its rate of progression. It remains to be determined whether a longitudinal study of this type would reveal individual age-related progression of electrocardiographic abnormalities.
Cor T'riatriatum or Supravalvar Mitral Stenosis
The second case occurred in the year 1802. It was that of Elizabeth Brown, aged 19 years, who from birth had been extremely delicate, subject to pectoral complaints, syncope and darkness of the surface, and who during the last two years of her life, had been much troubled with irregular action of the heart, and dropsical symptoms. At last, fluid was accumulated in the abdomen, in such quantity as to threaten rupture of its sides. At this stage of her illness, she complained frequently, but more especially after using exertion, of a disagreeable throbbing sensation in the epigastric region. By examining this part, while the abdomen was tense, a slight undulating motion could only be felt, but after the fluid had been removed by the operation of paracentesis, the throbbing in the epigastrium was very remarkable.
WVhen the heart was fairly exposed, by slitting open the pericardium, we found it very unequally dilated. The right side was immensely enlarged, while the left was rather smaller than usual. The right auricle was fully as large as a child's head of a year old, and filled with clots of blood. The corresponding ventricle seemed rather less; the venae cavae were much dilated; the inferior admitted with ease four fingers; the foramen ventriculare equalled in size the inferior cava, and the tricuspidal valve was rigid, and in some places ossified....
The left auricle was extremely small, but its structure was apparently healthy, the ventricle was also small, but proportionally thicker and stronger than usual. From the annulus ventricularis a tendinous septum was stretched over the opening leading from the auricle into the ventricle. This septum was rigid, and in some spots ossified; it was perforated at the centre by a puckered aperture, of a size just sufficient to admit the tip of the little finger. It might aptly enough be compared to the iris perforated by the pupil. Nearer the cavity of the ventricle than the curtain, the mitral valves arose as usual from the annulus ventricularis. . The aorta at its origin and through its whole course, was exceedingly small.-ALLAN BURNS: Observations on Some of the Most Frequent and Important Diseases of the Heart (1809). New York Academy of Medicine, History of Medicine Series. New York, Hafner Publishing Co., 1964, p. 30.
